The use ofpatient-controlled analgesia is describedfor forty children who had undergone major orthopaedic or general surgery. Ages rangedfrom 6 to 18 years (mean 11.4 years) and PCA was used for an average of 46.2 hours postoperatively. Morphine requirements overall averaged 40.5 pg/kg/hr (SD 22.6). Requirementsfor the first six hours were not significantly different to a similar period 24 hours later. There was a large individual variation for patients undergoing similar procedures. Patients undergoing scoliosis surgery required significantly more morphine than any other group of patients. Problems with patient-controlled analgesia have been of a minor nature. We conclude that patient-controlled analgesia is a suitable and safe method of pain relief for paediatric patients and that the lower age limit is that at which a child can understand the concept after suitable explanation. In this study children as young as six years were able to successfully use the method.
that peA might be successfully used by children who were able to understand the concept of peA and this paper describes our first forty paediatric patients using peA for postoperative pain relief.
MATERIALS AND METHODS Two peA devices were used. Thirty-three children used the Graseby peAS device (Graseby Medical Inc.) and the remaining seven used the Harvard peA (Bard Inc.). Both devices allow analgesic administration with a prescribed background infusion as well as patient-administered boluses. Sixty-millilitre syringes are used with both machines. It is important to incorporate an anti-reflux valve into the IV line if the intravenous cannula is to be used for administration of other drugs and fluids. This prevents the possible accumulation of morphine in the maintenance IV fluid line, should blockage of the cannula occur.
Patients were selected according to the type of surgery and on their assessed suitability for using PCA. Only patients undergoing major orthopaedic and general surgical procedures were considered in the first instance.
Preoperatively, patients and parents were instructed in the concept of PCA and shown how to use the hand control. The dose limitations and lockout interval were also explained. It was also explained that the medication does not abolish all of the pain and they should aim for a level of analgesia at which they feel comfortable. It was stressed to the parents that only the patient must press the button.
All children received a loading dose of opiate (either morphine or fentanyl) intraoperatively according to the usual practice of the anaesthetist. No attempt was made to standardise the anaesthetic technique.
All patients received morphine for postoperative analgesia. Our protocol has been devised for simplicity and minimisation of error. Morphine 1.0 mg/kg (maximum 60 mg) is added to the 60 ml syringe and diluted with normal saline.
All patients initially received demand doses of 1.0 ml (16 Ilg/kg) and a background infusion rate of 1.0 ml/hr (16 Ilg/kg/hr). Programming of the Graseby machine was facilitated by approximating the amount of added morphine to increments of 6 mg, as prescribed doses with this machine are in milligrams and not millilitres.
All demand doses were administered as 'stat' doses and all lockout intervals were five minutes.
PCA was commenced in the recovery room and all patients were seen to be able to use the device before being transferred to the postoperative ward.
The majority of patients were managed on general post-surgical wards. Patients returning to ICU were sent there for other reasons. Staff on wards using PCA initially received tutorials at handover rounds and personal tuition at other times. The need for this type of education diminished as staff became more familiar with the device and the concept of PCA.
Routine hourly observations were made by nursing staff. These included pulse and respiratory rate and recording of the volume delivered by the PCA machine during the previous hour. Pain scores were also measured hourly using a verbal rating scale (1 = no pain, 2 = mild, 3 = moderate and 4 = severe). Sleeping patients were not disturbed for this assessment. Sedation and nausea and vomiting were similarly scored hourly.
Patients were reviewed at regular intervals by the authors (usually twice daily). Settings on the machine were checked, morphine requirements noted and minor problems sought. Acute problems could be referred at all hours to the anaesthetic registrar in the hospital or to one of the authors at home.
Analysis of variance was used to compare the morphine requirements in the three subgroups (general surgery, orthopaedic surgery, scoliosis surgery). Paired t-tests were used to compare the 0-6 hour morphine requirements with the 24-30 hour requirement overall and between subgroups.
RESULTS
The first forty patients were included in this analysis. Twenty-eight were female and twelve were male. Ages ranged from 6 to 18 years (mean age = 11.4 yrs, SD 3.8). The distribution of ages is expressed in Figure 1 The eleven patients undergoing scoliosis surgery required 53.1 Ilglkglhr (SD 19.1) which was significantly higher than for any other group of patients (P < 0.005). Patients were further divided into those undergoing upper abdominal, lower abdominal and peripheral orthopaedic surgery, and there was no significant difference in morphine requirements between these groups.
Several other points can be derived from Table 1 . First, the standard deviations are large, which illustrates the large individual variations in morphine requirements for children undergoing similar procedures. We did in fact have one patient following scoliosis surgery who used 140 Ilglkglhr for the first six hours without any side-effects or complications. This is equivalent to 10 mglhr of morphine for six hours in an adult. Second, we wished to compare requirements during the initial six-hour period with requirements during the identical period of time the following day. We were somewhat surprised to find no significant difference in morphine requirement. Even the scoliosis group, while appearing to use less, was not statistically significant with the numbers studied and the large standard deviation.
Pain measurement was performed hourly by the nursing staff caring for the patient using the verbal rating scale. To analyse these scores, we counted the number of unsatisfactory (moderate and severe) pain scores during the first twenty-four hours. Thirteen patients (32.5%) showed no instances of moderate or severe pain, while fifteen patients (37.5%) had only one episode. The remaining twelve patients showed moderate or severe pain on between two and eight occasions. This demonstrates that the majority of patients received excellent pain relief, a fact confirmed by interviewing both patients and parents postoperatively.
Nausea and vomiting was documented hourly on the last twenty-four patients. Five patients (21%) complained of nausea and eight patients (33%) vomited at least once during the time they were receiving PCA therapy.
The need to change PCA settings during the course of treatment was infrequent. Five patients had changes to the background infusion rate because of unusually high or low morphine requirements.
Respiratory rate was measured hourly. Only one patient developed signs of respiratory depression and this was due to inappropriate staff management of PCA on one of the first ten patients. This patient, who had undergone total colectomy for Crohn's disease, was managing well until she developed colicky abdominal pain during the second postoperative night. Staff assisted the patient by pressing the button for her, and her respiratory rate while resting dropped to below ten. No intervention was required and the patient managed well once control of the machine was returned to her. There has been no repeat of such an incident since staff have become more familiar with PCA and understand that the safety of PCA lies in the fact that the patient is the only person who can activate the button.
Parent and patient acceptability has been very high. Only one patient has preferred not to have PCA when it was offered to him. The PCA equipment has also been reliable and easy to use.
The use of PCA has generated much enthusiasm among the nursing staff who feel that the majority of these patients get superior pain relief to that provided by conventional opiate administration. Other benefits which have been expressed are a saving of nursing time and fewer calls to medical staff to re-assess pain relief.
All of the younger patients coped well with PCA although there was one six-year-old child who needed reminding ofthe need to press the button.
After PCA was discontinued, patients were prescribed oral analgesics with p.r.n. doses of intravenous opiate available if necessary.
The hand controls of both the Graseby and Bard PCAs were easily activated by the children. The handpiece for the Graseby machine is pneumatic and has a recessed button which prevents accidental activation. An excellent appraisal of PCA equipment is given in 'Health Devices', May 1988. 5 
DISCUSSION
Pain management in children has been neglected in the past 6 . 1O but there is now increasing interest in this area worldwide and children should benefit from recent improvements in the management of all forms of pain. II , 12 The availability of intravenous opiates for acute pain is especially important in children. Intramuscular injections (as well as being less effective) leave many children with fears of hospitals and hospital staff.
Many children prefer to put up with the pain rather than receive intramuscular injections. 6 Intermittent intravenous opiates are preferable but the pharmacokinetics of intravenous boluses make frequent injections necessary and are very demanding on already overworked nursing staff. In addition, the drawing up of small increments of opiates is prone to calculation errors.
Intravenous opiate infusions are becoming increasingly used in children l3 . 16 and have been available in all wards of our hospital for the past four years. They have the advantage of providing constant administration of drug and maintenance of (hopefully) an effective blood concentration.
While 'background' pain is often well covered with infusions, it can be difficult to control the 'incident' pain which occurs with movement, physiotherapy, dressing changes, washing, etc. PCA has a distinct advantage in providing extra cover for these painful episodes, many of which can actually be anticipated and covered before they occur.
We include the measurement of pain as one of the routine nursing observations with PCA. The verbal rating scale was selected because it was simple to apply and could be easily understood by nursing staff with no experience in pain measurement. Frequent (hourly) measurements could also be undertaken with a minimum of patient disturbance. It can also be used for younger children. Visual analogue scales can be adapted for use with children but require more nursing staff training and are therefore less suitable for routine ward use. Behavioural and physiological scoring systems are more suitable for children less than six years of age.
In setting up a service such as this in the general wards of the hospital, considerable time has been spent by the authors in the education of hospital staff. This initially involved lectures, frequent ward visits and frequent talks during nursing staff handover periods. This has enabled a smooth introduction of this service into the hospital. After running the service for several months, the amount of time devoted to these tasks has reduced considerably.
The provision of PCA has now extended within our hospital to providing analgesia for the control of other forms of acute pain such as burns and frequent painful dressing changes.
PCA, even with the hourly assessments, saves a considerable amount of nursing staff time. 17 The initial cost of the machine (currently approximately $A5000) needs to be viewed in the light that one machine will help about 100 postoperative patients each year. In addition there may be savings in disposable costs.
In conclusion, we have found PCA to be a satisfactory method of pain control for children aged down to six years. The introduction of the technique into our paediatric hospital has been without major incident although considerable time has been spent educating medical and nursing staff.
